What Is Oxidation In Lubricating Oil?
By MARK RARNES

Whern explaining what oxidation ig, no ons dosas it vettsr than Mark Barnes from
Morig Corp. We waniad {0 share his input from a past issue of POA Magazina,

Oxidation is parhaps the most common chamical reaction, not just in lubrication
chamistry, but algo in nature as & whole. Simply staied, oxidation is the chamical
reaction of an oil molsgule with oxygean, which is present from either ambient or
entrained gir. {in a strict chamical sense, oxidation 4oes not necessarily nsed o
involve oxyasan, alibough for the purposes of thig article, ths discussion is confined o
oxidation reactions involving oxygen.) Gi gxidation is no differant than other
commaonly encountersd oxidation reaction, such as rusting. Just like tha effects
rusting and oihgr corqosive Drocessas have on metal subsirates, o oxidalions resuils
i1 & catasirophic and permanent chemical changs 1o the base o molecuies.

tn the case of oif oxidalion, the raaction resuits in the sequeniial addition of oxygen
to tha bass oil moleculss, t¢ form a number of differant chemicais specias, including
aldenydes, Katones, hydroperoxides and carboxylic acids.

Tha rate at which base ofl moleculss react with oxygen depends on a number of
factors. Perhaps the most oritical is temperature. Like many cheminal reaciions,
oxiGation rates increase exponentially with increasing temperatura due 10 the
Arrehaniuz rats ruie, For most mineral oils, & ganeral rule of thumb is that the rate ¢
oxidation doubles for avery 10°C (18°F) rize in temperature above 7570 (165°F).
Because ¢f this, synthstic olls ars oftsn reguired in high tempsraturs applications o
pravant rapid oif oxidation. But why are synthsatic hydrocarbon ¢ils {8SHCs} more
oxidatively stable than conventional minarais olls? After all, they're both comprised
of carbon and hydrogen atoms jomed togethsr i similar paraffinic chains to rafined
mineral oils.

The answar to this guaslion is two-foid. First, SHGs, and Tor that matter highly-
refined mineral oils, have very few impurities. Some of the impuritiss, particularly
argmatic compounds found in soivent refined mineral oils, are less siable than the
paraffmic molecuies that comprise the majoridy of molecuias in BHCs and highly-
refined mineral oils,

The Effects of Oxidation - What 1o Look for on an O Analysis Fspore

While controiling temperature and using higher-guailly base oils can halp limit the
degree and rate of gxidation, the sventual breakdown of the Dase ol moleculss due
to oxidative procaszses is inevitable, One commicn feature of these reaction by-
products is the carborn-oxygen double bonds, termed a carbonyl group. Carbony|
groups are noted for their characteristic absorplion of infrared light in the 1740 cm-1
region. For this reason, Fourier transform infrarsd spectroscopy (FTIHRY, which
megsures the degras of infrared absorption in different parts of the infrared
spectrum, can b an sxcalant tocl for pinpointing bass oil oxidation.

Parhaps thes most noteworthy of the reaction by-producis are ihe garboxylic acids. As
the name implies, carboxylic acids are goidic in nature, just ke other more common
acids such as sulfuric and hydrochiorio acids, although they ars not nearly as strong.



Common household vinegar containsg carboxyhic acis - an acstic acid. Bacause ¢
oxidation rasults in the formation of carboxylic acids, it stands 1o reascn that the
acidity of an ol that has undsrgons appreciabie oxidalion will increase. As such, an
Acid Numbar test, which uses a wet chemiatry titration method 10 determma ;h-
coneceniration of acids present in an oil, can be used 1o determine the dagree to
which an o has oxigized.

Cars must be axercised when using Acld Number data 1o gauges ol oxidation beoause
an wbes ot additives - boih new and degradsd - can result in changes in an oil's
Acid Number and can mask the real effecis of base oif gxidation. Simitarly,

degending on the warking environmenti, certain mgr"qsm contamingnis may also
cause ihe acid number to change, masking the effecis of oif oxidation. For this
reason, the presence of a characteristic infrg peak at ‘l 740 cm-1 in the FTIF
spactrum can be an instructive pisce of confirmatary evidence when assessing off

gxigation.

White carboxyiic acids by themseives are bad news and can causs acidic corrosion,
an inorease in acis number is usually a harbinger {forerunnern) of an even mora
damaging chamical process - the formation of sludgs aﬂd varnish, Siudge and
varnish form when oxygsanated rgaction by-products, such as hydrose“wides and
carboxylic acids, combine to form largsr molecular speusm. When a number of such
moiscuies combing, the process (s termed polymerization and resuits in the
formation of large molacules of high molscuiar waight.

Becauss the viscosity of an ofl is directly related to the size of ths moleculss, any
degr ze of polymerization will resull in an ingreass in the 'ﬂr‘d.’mjl’@d visoosily. Allowed
to progress teo far, pui):mer zation sm inues 1o such an extent that solc matsrial -
sludge ¢ rd varpish - forms in the o, as the molecules become too large to ramain &
fguid, Thizg material s d:ci\,‘y and can cause filter plugging, fouling of criticat off
clsarances and valve stiction in hydraulics systems.
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